D is s e r ta tio n P resen ted in P a r t i a l F u lfillm e n t of the Requirem ents f o r th e Degree Doctor of P hilosophy in th e Graduate School of The Ohio S ta te U n iv e rsity I f i r s t wish t o extend my th an k s to Dr. Alvah P e te r son, P ro fe s s o r of Entomology, The Ohio S ta te U n iv e rsity , under whose s u p e rv isio n t h i s work was conducted, and whose many su g g e stio n s, comments and c r iti c is m s have been extrem ely h e lp f u l.
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Due c r e d i t i s lik e w ise extended to D octors Frank W.
F isk and J o s e f N. K n u ll, P ro fe ss o rs of Entomology, The Ohio S ta te U n iv e r s ity , f o r t h e i r h e lp f u l and tim e ly a s s i s t a n c e . INTRODUCTION R e sp ira to ry horns i s th e common name given to th e p a i r of p ro n g -lik e s t r u c t u r e s which occur on th e dorso l a t e r a l a sp e c t of th e c e p h a lic h a l f c f a number o f pupae and p u p aria of D iptera e s p e c ia lly among C yclorrhapha.
T his study attem p ts to ex p lain t h e i r s t r u c t u r e , develop ment, tim e o f appearance, fu n c tio n and c e r ta in o th e r T h eir s iz e v a r ie s from s h o r t, s e s s i l e and hard ly p e r c e p tib le to long and d i s t i n c t l y prom inent p r o je c tio n s in some pupae.
This study was r e s t r i c t e d to th e p u paria of Ophyra anescens (W ied.), D u e llia s e r i c a t a (M eig.) and Kusca dom estics ( L in n .) , however, much o f the in fo rm atio n was a s c e r ta in e d from Ophyra aneseen s (W ied.). The s p e c ie s named a re c lo s e ly r e la te d In t h a t they belong to the same la rg e group ( C a ly p tra te M uscoidea) . y et th e la r v a e and p u p a ria are d i s t i n c t l y d i f f e r e n t . The same i s t r u e f o r th e r e s p ir a to r y horns t h a t appear on th e p u p aria of th ese s p e c ie s .
The purpose of th is study was to a s c e r t a i n th e f o l lowing f a c t s re g a rd in g the r e s p i r a t o r y horns: s tr u c t u r e and developm ent, time of emergence, lo c a tio n , s iz e , th e e f f e c t s o f tem p eratu re and hum idity on t h e i r developm ent, t h e i r fu n c tio n in r e s p i r a t i o n , and th e r e l a t i o n between th e s iz e of the h o rn s and th e r e s p i r a t i o n r a t e .
The r e s u l t s o b tain ed from th is study are derived p rim a rily from th e p u p aria of th re e sp e c ie s of D ip te ra , however, th e in fo rm atio n p resen ted may be h e lp fu l to o th e r w orkers in t h e study of r e s p ir a to r y horns of d ip te ro u s pupae among o th e r g en e ra, sp ec ie s o r f a m ilie s . The dry in g re d ie n ts a r e mixed and poured in to th e b o ilin g ta p water and s t i r r e d u n t i l th*? medium begins to s t i f f e n . I t i s then t r a n s f e r r e d to b a tte r y j a r s , covered, and allow ed to cool f o r se v e ra l h o u rs. The medium should be prepared in the l a t e afte rn o o n of th e day previous to egg c o lle c tio n so t h a t eggs may be tr a n s f e r r e d im m ediately to th e medium.
O v ip o sitlo n Kedium: This medium co n sisted of m oist ground dog b i s c u i t s p lace d in p l a s t i c r e f r i g e r a t o r d is h e s .
The crack s and c r e v ic e s , which ap p e ar on th e s u rfa c e of the medium when d ry , i s a p re fe rre d egg la y in g s i t u a t i o n .
The medium should be watched c a r e f u lly to see t h a t i t does n o t become too d ry , otherw ise the eggs w i l l d e s s ic a te .
Eggs: Eggs a re c o lle c te d fo r a period n o t exceeding 24 hours from th e o v ip o s itio n medium in cages c o n ta in in g f l i e s not more th an 6 days o ld . Three to fo u r hundred eggs a r e c o lle c te d from th e medium and buried j u s t beneath th e s u rfa c e of th e la r v a l medium. The j a r i s then covered, dated and p laced in an in c u b a to r w ith a tem p eratu re of 82°F.
and r e l a t i v e hum idity approxim ately 50%. in v e r tin g i t on f i l t e r paper in o n e -h a lf of a P e t r i dish T his i s done by p la c in g th e eggs in a dark p o rc e la in pan c o n ta in in g a s n a i l amount of w ater. They a re th en c o l le c te d w ith th e aid o f a sm all p i p e t t e and t r a n s f e r r e d
to th e l a r v a l medium and b u ried J u s t beneath th e su rfa c e of the medium. The cover is then p lace d on th e j a r and th e j a r sto re d in the re a rin g room. The eggs h atch w ith in 36 h o u rs. The tem p eratu re in s id e th e j a r (3 days l a t e r ) must n o t exceed 130°F ., o th erw ise th e la rv a e w i l l d i e .
P u p aria: Mature la rv a e m ig rate to th e to p p o rtio n of th e medium and tra n sfo rm to p u p aria w ith in 5*7 days a f t e r th e eggs h a tc h . A fte r th e p u p a ria are formed, th e top p o rtio n o f th e medium c o n ta in in g p u p aria may be loosened, A fte r lo c a tin g a p lace f o r p u p a r ia tio n , i t g ra d u a lly becomes l e s s and l e s s a c tiv e u n t i l f i n a l l y th e a n t e r i o r s p i r a c le s p r o je c t cephalad, not l a t e r a d as in th e maggot. W ithin a very s h o rt tim e th e maggot b eg in s to sh o rten in le n g th , p r i n c i p a l l y by r e t r a c t i o n o f th e l a r v a l head and most o f th e p ro th o ra c ic segm ent. This marks th e beginning of the p u p a ria l s ta g e , and th e p ro c ess i s term ed e i t h e r p re -p u p a tio n o r p u p a r ia tio n .
In th i3 re p o rt th e l a t t e r term i s being adopted.
The term " p u p a ria tio n " should n o t be confused w ith th e term "p u p a tio n ."
The a c tu a l p erio d of pupation does n o t occur u n t i l 10-12 hours a f t e r p u p a r ia tio n . This can be determ ined by n o tin g th e time of th e appearance o f the r e s p i r a t o r y h o rn s w ith in th e puparium. In Ophyra anescens (W ied.) th e r e s p i r a t o r y horns begin to appear in s id e th e puparium w ith in 10 hours a f t e r p u p a r ia tio n .
When the p u p aria are formed they a r e tr a n s f e r r e d in d iv id u a lly to P e t r i d is h e s .
The tim e i s checked and w ritte n on th e to p of th e P e t r i d is h .
Thus the age of th e puparium i s c a lc u la te d in hours
from th e beginning of p u p a ria tio n u n t i l the a d u lts emerge.
STRUCTURE AND DEVELOPMENT OF THE RESPIRATORY HORNS
There a re many v a r ia tio n s in th e s iz e , shape and d e ta ile d s t r u c t u r e of th e r e s p i r a t o r y horns of d ip te ro u s pupae. They may be very s h o r t, s e s s i l e and h ard ly p e r c e p tib le as in Musca dom eatica (P la te 1, F ig . 10), o r they may be d i s t i n c t l y prominent and in some pupae (P sychodidae) reach a very g re^t le n g th (P la te 2, F ig . 16). In th e pupae of some P ty ch o p tera only one s p ir a c le d evelops in to a horn while the second s p ir a c le is more o r l e s s a tro p h ie d .
O rthorrhaphoue Pupae
Among the O rthorrhaphous pupae, th e r e s p i r a to r y horns of Fsychoda a l t e r n a t e (Say) w i l l serve as a ty p e.
The horn (P la te 2, F ig . 17) has th e form of a curved ta p e rin g c y lin d e r narrowed a t th e b ase, where an an n u lated re g io n c o n s is tin g of four or f i v e th ick en ed rin g s o c c u rs.
W ithin th e horn i s a tube lin e d with c h itin o u s f e l t , which
De M eijere (1902) term s the " f e l t chamber" (F .C .). The f e l t chamber meets th e w all of th e horn a t a number of th in c i r c u l a r r e g io n s . These re g io n s De M eijere term s th e p i t s (P ), owing to t h e i r lik e n e s s to s im ila r s tr u c t u r e s in p la n t c e l l s . The p i t s are i r r e g u l a r l y arranged and communicate d i r e c t l y with the f e l t chamber.
The f e l t chamber communicates, through the an n u lated base of th e horn, w ith a sm all tube shaped chamber which h as a c h a r a c t e r i s t i c s p i r a l thickening* This i s termed th e tr a c h e a l ex te n sio n (T .E .).
The sid e of th e tr a c h e a l e x ten sio n i s fused w ith th e body w a ll, the lin e of fu sio n being marked by an elo n g ate scar* At th e low er end, th e t r a c h e a l ex ten sio n p a sse s in to th e s p ir a c u la r chamber (Sp. C.)* The e lo n g ate sc a r of th e tr a c h e a l ex ten sio n te rm in a te s in a dark s c le r o tiz e d p lu g , th e closed pupal s p i r a c le , which De M eijere term s the o u te r s tig m a tic sc a r (K .S.J* I t is connected to the s p ir a c u la r chamber by a sh o rt c h itin o u s th re a d , th e sc a r stra n d (S. S t . ) , which i s th e shrunken remnant o f th e tu b e through which th e la r v a l tra c h e a were w ithdraw n. At th e ju n c tu re o f th e s c a r stra n d with th e s p ir a c u la r chamber i s a sm a lle r in n e r s tig m a tic s c a r which connects th e sc a r s tra n d to th e i n t e r n a l s u rfa c e of the s p ir a c u la r chamber.
From the s p i r a c u la r chamber a tra c h e a is given o f f t h a t e n te r s the p ro th o ra c ic s p i r a c le of th e imago. This s p ir a c le i s th e type found in most i n s e c t s and c o n s is ts of two s e m i-c irc u la r s c le r o tiz e d l i p s which can be closed by th e c o n tra c tio n of a band of muscle running between them.
T his c o n s t i t u te s th e c lo s in g mechanism of th e imago tr a c h e a .
At th e upper end of th e tr a c h e a l e x te n sio n i s a h e a v ily c h itin iz e d le v e r (L .) which c o n s t i tu te s th e c lo s in g mechanism of the pupal tr a c h e a . This c lo s in g mechanism i s narrowed b a s a lly , but broadens a p i c a l l y and b i f u r c a t e s in to two s h o rt arms which p a r t i a l l y e n c irc le th e tr a c h e a l e x te n s io n .
At th e t i p o f th e le v e r I s a c lo s in g muscle which by c o n tra c tio n and expansion opens and c lo s e s th e tra c h e a .
C yclorrhaphous Pupae
The pupal sta g e o f Cyclorrhaphous D iptera i s always enclosed w ith in th e c u t i c l e of th e l a s t la r v a l i n s t a r .
A fte r i t s h o rte n s , i t becomes a d i s t i n c t l y brown case which i s c a lle d a puparium . O ften th e space between th e pupae and th e puparium , e s p e c ia lly in th e a n t e r i o r re g io n ,
i s f i l l e d with a i r .
In th e m a jo rity of th e a c a ly p tr a te s th e pupae have a p a i r of p ro th o ra c ic s p ir a c le s which a re enclosed w ith in th e puparium and a re known as i n t e r n a l s p i r a c l e s . £ach s p i r a c l e i s composed of a more o r l e s s p ro tru d in g f e l t chamber covered w ith numerous s p ir a c u la r p a p i l l a e .
In th e g r e a t m a jo rity of th e c a ly p tr a te s th e f e l t chambers o f th e p ro th o ra c ic s p i r a c le s of the pupa, in a d d itio n to th e i n t e r n a l s p ir a c le (P la te 1, F ig s.
3, 12. I . S . ) , develops in to a more o r le s s s c l e r o ti s e d horn (R .H .) covered w ith s p i r a c u la r p u p illa e . These p ro tru d e through sm all c i r c u l a r a p e ra tu re s in th e w a ll of th e puparium ( C .S .) .
The d e ta ile d development of th e r e s p ir a to r y horns was s tu d ie d only in th e pupae of Ophyra anescens (W ied.).
One o f th e most f a s c in a tin g phenomena observed in t h i s study was th e p ro tr u s io n of th e horns through th e hardened c u t ic l e o f the puparium . P ro tru s io n i s p o s s ib le because o f th e presence in th e w all o f the puparium of two sm all c ir c u la r c l e a r sp o ts (P la te 1, F ig . 1. C .S .) where th e c u t i c l e i s t h i n and f r a g i l e . These sp o ts are l i g h t brown in c d o r and surrounded by a brown r in g . They f i r s t ippear in 3-4 hour p u p a ria and p e r s i s t throughout the p re -p u p al o r p u p a ria l s ta g e .
D issectio n of a 10 hour puparium shows tftat th e r e s p ir a to r y horns are developed and l i e p a r a l l e l to the len g th of the body ( P la te 3, F ig . 24) w hereas, a f t e r p r o tr u s io n , th ey are more n e a rly p e rp e n d ic u la r to the body.
About Id hours a f t e r p u p a ria tio n th e a n t e r i o r end o f th e pupa c o n tra c ts le a v in g a fre e space. On each sid e o f the pupa th e p a r t i a l l y ev aginated r e s p i r a t o r y horns (R .H .), w hich, acco rd in g to K e ilin (1944), emerge from a p e ra tu re s of t h e i r im aginal d is k s . These horns a re l i g h t brown and show d i s t i n c t l y sm all s p ir a c u la r p a p i l l a e .
Approxim ately 2 5 hours a f t e r p u p a ria tio n th e horns assume t h e i r f i n a l shape and s t r u c t u r e . Three to fo u r hours l a t e r the pupa c o n tra c ts drawing th e r e s p ir a to r y horns p o s t e r i o r l y , away from th e a n t e r i o r end, u n t i l t h e i r t i p s appear j u s t beneath th e two c ir c u la r s p o ts . During t h i s p e rio d the pupa b reak s away from th e a n t e r io r tr a c h e a l tubes of th e la rv a ( P la te 3, F ig . 26, ) .
The pupa then makes a few forward and backward movements, pushing the t i p s of the horns a g a in s t the th in c h itin o u s membranes of th e c i r c u l a r sp o ts u n t i l th e membranes a re broken. 
Time of Emergence
The tim e of emergence of th e r e s p ir a to r y horns on th e e x t e r io r of th e puparium i s v a ria b le in th e th re e sp e c ie s s tu d ie d . In Musea dome s t i c a ( L in n ,) , re ared a t segments; however, t h i s may be due to the f a c t t h a t only 11 segments are re co g n izab le on th e puparium because th e pseudocephalon o f th e la rv a i s com pletely withdrawn.
A c tu a lly th e re a re 12 segments in each puparium.
Size
The s iz e of th e horns a ffo rd a good b a sis of com p a ris o n among th ese s p e c ie s . They a re la r g e s t in Ophyra anescens (L in n .) and can e a s ily be seen with th e naked eye. They a re from 0.5 -1 * 0 mm. in le n g th and approxim ately 0.25 mm* in w id th , w ith b lu n t ends and d ire c te d a n te r io r ly ( P la te 1, F ig . 2 ) . They a re much sm a lle r in L u c ilia s e r i c a t a (K e ig .) and cannot be seen r e a d ily w ith o u t the a id of a m icroscope. They range in s iz e from 0.1 8 8 -0 .2 5 mm.
in length and a p p ro x in a te ly 0.141 mm. in w idth. They a r e w idest a t th e base and ta p e r a n t e r io r ly (P la te 1, F ig . 6 ).
In Musca dom estica (L in n .) they resem ble those found in L u c ilia s e r i c a t a . but are d ec id e d ly a n a lle r and can be seen only with th e a id of a m icroscope. They a re ap p ro x i m ately 0.188 mm. in len g th and 0.105 mm. in w idth.
E ff e c ts of Temperature and Humlcity
During t h i s in v e s tig a tio n i t was noted in sev eral in s ta n c e s t h a t th e appearance of the r e s p ir a to r y horns on th e puparia was o ften d elay e d .
O ccasio n ally th ey did not emerge during th e course of pupal developm ent. The reaso n s fo r t h i s s i t u a t i o n were in v e s tig a te d .
A fte r checking the c o n d itio n s under Wiich the f l i e s were being r e a re d , i t was th o u^it t h a t the f a i l u r e of emergence of th e s e horns m ight be due t o a d e c rease in r e l a t i v e hum idity w ith in the c u ltu r e j a r s a t the tim e of p u p atio n , f o r i t was n o ted th a t th e r e l a t i v e hum idity in s id e the j a r s during t h i s period was l e s s than 4 5 Measures were tak en to in c re a s e the hum idity in the j a r s , e s p e c i a l ly among th e p u p a ria of Ophyra anescens (Y/ied. )«
To in c re a s e th e hum idity in th e c u ltu r e j a r s , a super s a tu ra te d s o lu tio n o f calcium hydroxide was poured in to a small beaker and placed on th e top of th e paper tow els in s id e th e c u ltu r e j a r s . The j a r s were then covered with a p iece of m uslin c lo th and placed in a c o n sta n t tem peratu re ca b in e t with a tem perature of 32°F. L a te r exam inations showed t h a t th e r e l a t i v e hum idity had in creased to $8% and the horns had developed on most of th e p u p a ria .
At t h i s p o in t i t wap assumed t h a t th e d elay o r
f a i l u r e of the horns to appear was due to a d ec rease of r e l a t i v e hum idity in th e c u ltu re j a r s a t the tim e of p u p a tio n .
To t e s t th e v a l i d i t y of t h i s assum ption, o th e r c u ltu r e s of h ig h r e l a t i v e hum idity were s e t up under th e
same c o n d itio n s except t h a t they were placed in th e tem p e r a tu r e c a b in e ts where th e f a i l u r e o f th e r e s p ir a to r y horns to develop was f i r s t n o tic e d .
In th e se c a b in e ts i t was noted t h a t th e tem p erature f lu c tu a te d between 75° and S9°F. The r e s u l t s from th e s e c u ltu r e s were th e same as in p rev io u s c u l t u r e s , namely, no horns emerged on the p u p a ria .
At t h i s p o in t i t was decided to t e s t th e e f f e c t o f both tem p eratu re and hum idity on the development of th e r e s p i r a t o r y horns. This was done by p la c in g a c u ltu re j a r o f f i r s t i n s t a r la rv a e o o n tain in g th e super s a tu ra te d s a l t s o lu tio n and one w ithout a s a l t s o lu tio n in c o n sta n t tem perature c a b in e ts (# 2°F .). th e r e s u l t s from t h i s t e s t rev ealed t h a t th e p u p aria in both c u ltu r e J a r s developed r e s p ir a to r y horns a t approxim ately the same tim e.
Thus from t h i s experim ent the r e s u l t s in d ic a te t h a t a f lu c t u a t i n g tem p eratu re r a t h e r than a d e c rease in
r e l a t i v e hum idity in flu e n c e d the development o f the r e s p ir a to r y horns on the p u p aria.
FUNCTION OF THE RESPIRATORY HORNS I t has long been suspected t h a t th e r e s p ir a to r y horns a re th e s o le means of pupal r e s p i r a t i o n in th o se forms t h a t p o ssess them.
To determ ine the fu n c tio n of th e se horns in pupal r e s p i r a t i o n the fo llo w in g t e s t s were made:
(1) s p ir a c u la r p lu g g in g , (2) d is s e c ti o n , and (3) dye p e n e tra tio n of th e tr a c h e a l system .
-1 7 -S p ira c u la r P lu g g in g : In t h i s t e s t th re e methods o f plugging were used: {1} p lu g g in g the a n te r io r and p o s t e r io r s p ir a c le s b e fo re th e r e s p i r a t o r y horns had emerged on th e p u p a ria , (2) p lugging the a n t e r i o r and p o s te r io r s p ir a c le s a f t e r th e r e s p i r a t o r y horns had emerged, and (3) plugging th e r e s p ir a to r y horns a f t e r emergence.
The m a te ria l used f o r plug g in g was Duco household cement.
I t s t o x i c i t y to the developing pupa was t e s t e d
p rev io u s to th e experim ent by p la c in g a sm all drop of th e cement on p a r ts of th e body o th e r than the r e s p ir a to r y p a r ts to be t e s t e d . I t proved to be n o n -to x ic f o r the a d u lts emerged and w ith o u t any n o tic e a b le e f f e c t . 
The r e s u l t s from th e se t e s t s are shown in th e f o l lowing ta b le : T a b le 1 . E f f e c t s o f S p ir a c u la r P lu g g in g on

D i s s e c t i o n ; Two s t a g e s o f trie p u p a r ia w ere u se d p r im a r ily f o r d i s s e c t i o n : t h o s e t h a t had n o t d e v e lo p e d th e r e s p ir a t o r y h o r n s , and t h e s e t h a t had w e l l d eve lop ed h o r n s. B e fo r e d i s s e c t i o n s w ere made th e p u p a r ia were p la c e d on a s m a ll d rop o f g lu e on a m ic r o s c o p e s l i d e and t h e g lu e a llo w e d t o d r y . The s l i d e was th e n p la c e d in a P e t r i d is h c o n t a in in g 60* a l c o h o l . Then w it h th e d id o f a m ic r o sc o p e t h e d i s s e c t i o n s were m ade.
In young p u p a r ia , t h a t i s , t h o s e d e v o id o f h o r n s , t h e
tra c h e a l system of the l a s t i n s t a r larv a e s t i l l fu n c tio n s.
The tra c h e a l tubes can be seen through th e c u tic le o f the puparia and are connected to the developing imago. In l a t e r p u p a ria , th o se with w ell developed horns, th e l a r v a l tr a c h e a l system no longer fu n c tio n s and can be seen p ressed a g a in s t the in n er su rfa c e of the puparium (P la te 3, Fig. 2 6 ) . Thus i t appears th a t th e r e s p ir a to r y horns are the s in g le means o f pupal r e s p i r a t io n . From each of the horns a la rg e tr a c h e a l tru n k lead s downward to th e p ro th o rax of the developing imago. I f the pupa is removed from the puparium a f t e r the horns develop, th e e n tir e re s p ir a to ry ap p aratu s can be seen, f o r th e re s p ira to ry horns remain a ttach e d to the p ro th o rax of the pupa (P la te 1, F ig s. 3, 7, and 1 1 ).
Dye P e n e tr a tio n ; In th is method of determ ining the fu n c tio n of th e r e s p ir a to r y horn3 in r e s p ir a tio n , the puparium with w ell developed r e s p ir a to r y horns is placed in a small P e tr i dish (1 .2 x 2 cm.) and ju s t enough w ater soluble dye (methylene blue) i s poured over i t to cover the t i p s of the r e s p ir a to r y horns. At the end of 2 minutes th e puparium i s removed from the dye and washed in tap w ater to remove any dye th a t remains on the e x te rn a l su rfa c e , Next, the puparium is placed in a sm all drop of glue on a microscope s lid e and the glue allowed to d ry .
A fte r drying i t is then placed under the microscope and d isse c te d to show the tr a c h e a l system.
-2 0 .
The r e s u l t s of t h i s method show whether the dye i s in the tr a c h e a l tru n k s lead in g from the r e s p ir a to ry horns o r from those connected to the a n te r io r and pos t e r i o r s p ir a c le s .
In the e a r l i e r p u p a ria , th e dye p e n e tra te s the e n tir e length of the developing imago, but in l a t e r p u p aria (those w ith h o rn s), th e dye i s found only in those tr a c h e a l tu b es leading from the r e s p ir a to r y horns.
RELATIVE RATE OF RESPIRATION IN PUPAE
A fter the v ario u s experim ents had been performed to determ ine the fu n c tio n of the r e s p ir a to r y horns, i t was decided to t e s t the e f f e c t of th e siz e and s tr u c tu r e of the horns on the r e s p ir a tio n r a te in th e v ario u s stag es of pupal development. I t was suspected th a t th e d if ference in the size and s tru c tu re of the horns in the th re e sp ecies stu d ie d , Ophyra anescens (W ied.), L u c ilia s e r ic a ta (M eig .), and Musca dom estica (L in n .), was due to th e d iffe re n c e in the r a t e of r e s p i r a t io n .
As a means of t e s t i n g t h i s h y p o th esis, a Misco type m icrorespiroraeter
was used as a device fo r measuring the r a te o f r e s p ir a tio n .
This is a h ighly s e n s itiv e ap p aratu s and since th e size of the in s e c ts under c o n sid e ra tio n is sm all one of th is n atu re i s re q u ire d .
* 21** by the movement of the index drop, vhich can be measured q u a n tita tiv e ly in m illim e te rs . *or measurement of r e s p ir a tio n t h i s arrangement i s advantageous, for i t perm its a c a n c e lla tio n of e r r o r s a r is in g from the medium alo n e, and i s independent of e x te rn a l tem perature f lu c tu a tio n s , provided t h a t such f lu c tu a tio n s induce the same tem perature changes in both chambers.
C areful tem perature co n tro l is not necessary sin c e changes in e x te rn a l tem perature w i ll e f f e c t both chambers equally since th e chambers are bored in to a sin g le aluminum b lock. E rro rs a r is in g from th e presence of th e medium are u n lik e ly , since liq u id -g a s volume r a t i o s are th e same in the two chambers.
Procedure P r io r to a t r i a l , th e assembled re sp iro m eter i s e q u ilib ra te d w ith th e environment f o r a period of 30 m inutes.
At the end of t h i s tim e , th e c a p illa ry p o rtio n of the ap p aratu s was removed and th e in s e c t to be te s te d i s i n s ta lle d in the chamber on th e r i g h t .
(See photographs). The l e f t chamber i s l e f t as a blank. The p rin c ip le underlying th e se two chambers i s th a t as oxygen in the r ig h t chamber i s consumed, the reduced p re ssu re causes th e index d ro p le t in the c a p illa r y tube to move toward the r ig h t thereby giving a read in g in m illim e te rs fo r a given amount of oxygen consumed in a given tim e. Any carbon dioxide pro duced during r e s p ir a tio n was absorbed in the excess (5 drops) of s a tu ra te d potassium hydroxide presen t in the chamber below the specimen. By using c a p i l l a r i e s of d if f e r e n t b o res, d if f e r e n t degrees of s e n s i t i v it y are achieved.
A fter the chambers are assembled, th e index d ro p le t i s i n s t a l le d with a fin e ly drawn p i p e t t e . Deobase mixed with oudan black to give color was used fo r the index d ro p le t. The drop can be placed d i r e c t l y in th e c a lib ra te d p o rtio n of the c a p illa r y , o r i t can be drawn in from the end a f t e r l i g h t l y touching the opposite end w ith a hot o b je c t.
THE MICRORESPIRGKKTER Photographs
Top v iew o f th e a ssem b led a p p a ra tu s Top v ie w o f th e d is a s s e m b le d appara
The c a p illa r y tube i s then put in p lace and allowed to stand 15 m inutes before the f i r s t read in g . At th e end of t h i s tim e, read in g s were recorded a t 2 f i f t e e n minute i n t e r v a l s .
Six sta g e s of development in th e th re e sp ecies of f l i e s were te s te d w ith t h i s a p p a ra tu s. They were the l a s t i n s t a r la rv a e , p re-p u p aria (when th e la rv a e begin to shorten in le n g th ), 3 -hour puparia, 2d-hour p u p aria, 46-hour p u p aria, and 75-hour p u p aria .
The r e s u l t s of t h i s t e s t are shown in ta b le I I . Table I I I t is evident t h a t the d iffe re n c e in the s iz e and s tru c tu re of th e r e s p ir a to ry horns in th e th re e sp ecies do not in flu en ce th e r e s p i r a tio n r a t e . I f the hypothesis was t r u e , th e r a te of r e s p ir a tio n in Qphyra anescens (Wied.) would be much g r e a te r than the r e s p ir a tio n r a te in the o th e r two species since th e r e s p ir a to ry horns are much la r g e r and a l l th re e species are about the 3ame w eight. The marked decrease in r e s p ir a to r y r a te in passing from th e la r v a l to pupal stage r e f l e c t s the decrease in m etabolic r a te which i s the g e n e ra l ru le fo r a l l holom etabolic in s e c ts during th is p e rio d . Orthorrhaphous pupae: (1) the th o ra c ic p o rtio n of the pupae is marked by i t s bulk and i t s s tr u c tu r a l d if f e r e n t ia t io n , (2 ) the o r ie n ta tio n of the pupae w ithin i t s environmental medium must be such as to favor the emergence of the a d u lt fi> which i s purely a t e r r e s t i a l organism, and (3 ) th is o rie n ta tio n i s f a c i l i t a t e d by th e fa c t th a t the pupae tak es no food so th a t i t s r e s p ir a to ry requirem ents are com pletely independent of a n u tr ie n t medium. I t i s th e re fo re not su rp ris in g th a t the o r ie n ta tio n of the r e s p ir a to r y system of th e pupa, e s p e c ia lly In a f lu id medium, is u s u a lly th e re v erse of the la rv a , namely, the predominant s p ira c le s in the pupa are the p ro th o ra c ic p a ir and not the p o s te r io r abdominal p a ir , as i s usual in the case of the la rv a .
In the pupa of Psychoda a l t e m a t a ( Say), th e p roth o ra c ic s p ira c le i s fused to the long f e l t chamber by means of a tra c h e a l ex ten sio n , enlarged in i t s lower The d iffe re n c e s between th e r e s p ir a to r y horns of Cyclorrhaphous pupae and urghorrhaphous pupae may be summed up a s follow s: ( l ) the f e l t chamber of C yclorr haphous pupae is an extension of th e p ro th o ra c ic s p ira c le and i s connected d i r e c tl y to th e s p ir a c le , ( 2 ) th e re i s no tr a c h e a l extension leading to a s p ira c u la r chamber,
th e re i s no clo sin g mechanism in the tra c h e a , and (4 ) th e re s p ir a to ry horns in general a re much sm aller and lo cated on the f i r s t abdominal segment of the puparium.
De h e i j e r e ( 1 9 0 2 ) proposes the term p itte d stigma (Tupfelstigm a) f o r th e re s p ira to ry horns of d ip te ro u s pupae. This does not appear to be a le g itim a te use of th e term stigm a. In fsychoda a lt e r n a ta (day), th e r e s p i r a to ry horn i s not th e s i t e of an ectoderm al in v ag in atio n giving r i s e to a tra c h e a , nor does i t have an open com m unication with the atmosphere. The ten*, th e re fo re seems u n s u ita b le . In th is in v e s tig a tio n the term " r e s p ira to ry horns" is used to d escrib e t h i s organ because i t has no p re c ise meaning and does not define a p a r t i c u l a r type of s tr u c tu r a l e n t i t y .
SUMMARY
1.
The pupae of Cyclorrhaphous D iptera are always enclosed w ith in the l a s t la r v a l sk in , th e puparium. The p re-p u p al (p re -p u p a ria l) stage i s defined as th a t stage when the larv a e ceases to feed, becomes q u ie sc e n t, and the p ro th o ra c ic s p ir a c le s of the la rv a p ro je c t cephaled.
The term p u p a rla tio n i s used to d esc rib e t h i s process,
2.
As a re p re s e n ta tiv e of O rthorrhaphous pupae, the re sp ira to ry horns of the pupa of Psychoda a lte r n a te (Say) a re d esc rib ed . W ithin each tu b u la r horn l i e s the f e l t chamber, which meets the horn v a il a t a number of c ir c u la r reg io n s, the p i t s , and communicates, through the annulated base of the horn, with th e tra c h e a l ex ten sio n . 4. An account is given of the development of the re s p ir a to ry horns of Qohyra anescens (W ied.). The horn a p p a re n tly a r is e s as an outgrowth from th e p ro th o ra c ic im agln al d is k o f th e developing imago. F u lly developed horns a t f i r s t li e p a r a l l e l to the len g th of the body, w hereas, a f t e r p ro tru s io n th ey a re p e rp e n d ic u la r to the body. About 13 hours a f t e r p u p a rla tio n the pupa c o n tr a c ts , which i s a p p a re n tly due to ev a g in a tio n o f th e im aglnal d is k s in th e head. This c o n tra c tio n of the pupae b rin g s th e t i p s o f th e horns backward so t h a t they l i e d i r e c t l y beneath th e two f r a g i l e spots in the w all of the puparium .
backward and forward movements of th e pupa fo rc e s the horns through th e two f r a g i l e sp o ts in the w a ll of th e puparium.
The horns a re com pletely developed and e x tru d in g from th e puparium 2o-30 hours a f t e r p u p a r la tio n . s e r i c a t a . (2 ) th e lo c a tio n of the h orns i s th e same f o r each s p e c ie s , namely, th e co n ju n ctiv a between th e f i f t h and s ix th v i s i b l e segm ents, on th e d o rs a l s id e , ( 3 ) th e r e i s co n sid e ra b le d iffe re n c e in th e s iz e of the horns, being l a r g e s t in 0 . a n e sc e n s, in te rm e d ia te in L. s e r ic a t a and sm a lle st in M.
d o m estica. (4 ) the r e s u l t s obtained from s p ir a c u la r plugging of th e t r a c h e a l system, d i s s e c ti o n s , and dye p e n e tra tio n of
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P l a t e I I F ig . 13. C u lic id a e . Aedes a e g y p ti (L.). A l a t e r a l view of a yellow fe v e r mosquito pupa showing the r e s p ir a to r y horn. X 3 0 . F ig. 14.
Enlarged view of the r e s p i r a t o r y horn of ae g y p ti pupa. X 82.
F ig . 15. V en tral view of a c ra n e fly pupa showing r e s p ir a to r y h o rn s. T ip u lid a e , f i p u l a sp. X 8 .
F ig. 1 6 . en larg ed view of th e r e s p i r a to r y horn o f Tipula sp. X 2o.
F ig. 17. V en tral view of Psychoda pupa. Psychoda a l t e r n a t e bay (Psychodidae) X 8 .
F ig . 18. Enlarged view of r e s p ir a to r y horn o f P . a l t e r n a t e . X 29.
F ig. 19. d o rs a l view of a s a l t marsh fly pupa E phydridae, B rachydentera arg en ata Loew. X 15.
F ig. 2 0 . Enlarged view of the r e s p i r a t o r y horn of B. a rg e n a ta . X 60.
F ig . 2 1 . l o r s a l view of the puparium of C rio cera c la r ip e n n is (T a c h in id a e ). X 12.
F ig . 2 2 .^l a r g e d view of the r e s p i r a t o r y horn of C. c la r ip e n n is . X 175. " F ig. 23. l a t e r a l view of the puparium of Keredon e q u e s tr is F. (S y rp h id ae). X 9.
F ig . 24. Enlarged view of th e r e s p ir a to r y horn of M. e q u e s tr is . X 55.
-3 8 - Dorsal view of a 10-hour pupa w ithin the puparium. Dote p o s itio n of the r e s p ir a to r y horns ( Ophyra anescens fried.) X 20.
2 6 . Enlarged view of th e a n te r io r p o rtio n of a 10-hour pupa. X 4 5 .
27. Dorsal view of a 28-hour pupa immediately before emergence of the r e s p ir a to ry horns. Note p o sitio n of th e horns. X 20.
28. Dorsal view of a 30-hour pupa showing the r e s p ir a to ry horns immediately a f t e r emergence from puparium. X 20.
29. Enlarged view of F ig. 27. X 45.
30. Enlarged view of F ig. 28. X 45.
31. Enlarged v e n tra l view of Fig. 28 . X 45.
3 2 . Enlarged view of the a n te r io r p o rtio n of a 90-hour pupa. X 45.
33. D orsal view of a puparium immediately a f te r emergence of a d u lt. Note horns attach ed to w all of puparium. X 2 0 . 34. Enlarged v e n tra l view of a puparium after emergence of a d u lt. X 45.
